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????????? ??????? ????????? ????? ???? ????????? ????????? ???????. 
??????? ?????: ????????, ????? ??????, ?????? ?????, ??????????? ??????, ??????????, 
??????????????? 
 
????? 
?????? ?? ?? ??????? ??? ??????? ????????????? ?? ?????? ?????????? ???????-
?????????? ????????????, ??? ? ???????? ??????????? ????? ????????????? ?????????? 
?????????? ????????? ???????? ???? ???????????. ??? ?????? ???????????? ? ?????? ????? 
???????? ???? ??????????. ???????? ????????????? ???????? ??????? ?????-????????? ??? 
??????????? ? ???????, ??, ?????????? ?? ???????? ??????? ???????????? ???????????, 
????????????? ??????????? ????????? ??? ???????. ???????? ? ?????????? ???? ??????? 
?????????? ?????? 10 ????. ?3 ??????? ??? ??? ????????? ?????????? ??????? ?????? ???? 8 
????. ?3. 
?????? ???????? ???????? ??????????? ?????? ??’????? ??????? ????????, ????????? ? 
???? ????. ?????? ?????????? ?????? [1] ???????????? ????? ???? ? ????????? ???????? 
????????????? ??????? ??????????? ? ????? 0,0089 – 0,0108 ??/??3, ?? ????????? ??? ??? 
?????? ?????????????????? ??????????? (0,005 ??/??3). ? ??? ???????????? ?????? ????? ???? ? 
????? ???????? ?????? ????????? ??? ? 2 – 5 ????? [2]. ? ??????? ???????? ?????? ????????? 
???????????? ????? ???? ??? 2,69 ?? 5 ??/??3 [3]. 
?? ????????? ?? ??, ?? ???????, ??? ??????????? ??? ????????? ????? ?????? ???????, ? 
??????????????, ?? ?????? ????????? ??????? ???????? ??? ????? ????? ?????? ??????? ? 
????????? ????????, ??????? ???????? ? ?????? ??????????. ?????????? ?? ???????????? 
????????????? ?????? ?????? ??????? ? ?????? ????????????, ??????????????? ?? ? 
???????????? [4]. ?? ???????? – ????? ?????????? ???????????? ?????? ??????? ? ???? ??? ??? 
???????????? ??????. ?? ????????? ???????????? ?????? ??????? ? ???? ??????? ?? ??? ???, ???? 
???? ???????? ? ?????? ????????????. 
??????? ?????????? ?????????? ?????????? ????? ?????? ??????? ??????????????? ? ?????? 
??????? ?????????????? [5 - 6]. 
????????, ??????? ?????, ????????????? ??????????? ??????????? ?????????? ??? 
???????? ?????? ??????? ? ????. ??????? ??????????? ??????? ??????? ?????? ?????? ??????? ? 
???????? ? ????????. ??????? ? ????????? ?? ?????????????? ????? ????????. ? ????????? 
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???????????, ?? ?????????? ???????????? ?????? ???? ? ????????? ????????, ???? ??????? 
???????? ? ???? ?? ???????? ?????? ????? ???? ??????? ?????? ????? ????????? ??????, 
???????? ?? ?????????? ?? ??????????? ?????? ???????????????? ??????????, ?? ??????? 
?????? ???????. 
? ??’???? ? ??? ?? ?????? ???? ??????????? ???????? ???????? ?????? ????????, ?????? 
?????? ?? ?????? ???? ??’????? ????????????? ??????????, ???????? ???????, ???????? ??????? 
???????? ?????? ??????? ? ????, ????????? ??? ???????????? ? ???????? ???????????? ??????? 
??????????? ?????? ??’????? ? ???????. 
 
???? ?????? 
????? ?????? ???? ?????????? ???????????? ???????????? ????????? ??-2-8 ??? 
?????????????? ???????? ?????? ??????? ?? ???????? ????? ???? ? ???????? ???????????????, 
?????????? ?????? ????? ?????????? ?? ?????????????? ????? ???? ?? ????????? ?? ??????? 
???????????? ?? ???????????? ??????? ????????? ????? ???? ? ?????????, ?? ??????????? 
????????? ? ???????-????????? ?????. 
 
?????? ?? ??’???? ??????????? 
? ?????? ??????????????? ??????????????? ???????? ??-2-8 ? ?????? ?? ???????? ??????. 
? Na+-????? ???????? ?????????? ???????? 1 %-??? ???????? ????. ??????????? ????????? 
????????? ????????? ????????? ???????. ?? ???????? ??????????????? ??????? ???????? ???? 
? ????????????? ?? ????????????? ???? ?. ?????. ???????????? ???? ? ????????? ???????? ??? 1 
?? 200 ??/??3. 
?????????????? ????????????? ????: 
? = 4,8 – 5,2 ??-???/??3, ???2+ = 3,6 – 4,0 ??-???/??3, ?Mg2+ = 0,8 – 1,2 ??-???/??3;  
? = 4,70 – 5,2 ??-???/??3, CCl- = 37 – 50 ??/??3; CSO 42- = 47 – 65 ??/??3; pH 7,10 
??????? ????????? ? ????????? ?? ?????????? ??????. ??? ?????????? ??????? ? 
????????? ?????? ??’?? ?????? 10 ??3, ??’?? ??????? ??? 0,5 ?? 2,0 ??3, ??? ??????? ?? ????????? 
2- 5 ???. ? ?????????? ?????? ??????? ?????????, ?????????? ?????? ????? ??? ?????? 
??’???? 10 – 20 ??3 ? ??????? ????????? 2 ??3 ? ???????? 10 – 15 ??3/??. ?????????????? ?????? 
??????????? ? ???????? 1 – 2 ??3/??. ? ???????? ???? ???????????? ????? ????? ??????????, 
????, ????????, ?????? ??.  
 
?????? ????????? ??????????? 
????? ?? ???????????? ??????? ?????????????? ????? ?????? ??????? ? ???? ? ????? 
??????????. ?????, ???? ??????? ??? ???? ?????? ???????????? ????? ???????, ???? ????????? 
???????????? ?????? ????????? ????, ????? ????? ? ?????????? ? ????????????. ?????????? 
??????????????? ? ????? ???????. ???? ???????? ??????? ????? ??????? ??????, ???? ?????? 
???????????????? ??? ????????? ????? ? ????, ????????? ? ???? ?????? ??????? [7 - 8]. ????? 
???????????? ?????? ?????? ????????????? ???, ?? ? ????????? ?? ??????? ????? ????? 
???????? ?????????? ????. ?????????? ?? ?????????? ????? ??????????, ??? ?????????? ?? 
???????? ???????? ??????? ?????????? ?? ?????? ?????? ??????? ??? ?? ????????????? 
????????? ?? ???? [9]. 
?? ??????, ??? ??? ??????? ???????? ?? ?????????? ???????? ?? ??????????????? ??????????   
[10] ??? ????????????? ?? ?????????????? ?????? ??? ??????: 
Hg2+ < Cd2+ < Mn2+ < Mg2+ < Zn2+ < Cu2+ < Ni2+ < Ca2+ < Sr2+ < Pb2+ < Ba2+ 
?? ????????? ????? ?????, ?? ???? ?????????? ????? ????????????? ??????? ??? ???? ? 
?????????? ? ?????? ?????? ???????. ????????? ????????????? ????? ??????? ???? ?? 
????????????? ????? ????. ?? ????????? ??????? ?? ????????? ??????? ????????? ? ???? ???????? 
???????????? ???? ???????????. ?? ????? ? ???. 1, ?? ???????? ????????? ???????????? ????? ???? 
? ????????????? ???? ??????? ??????? ????????? ?? ?????? ?????? ??????? ? 7 ?? 300 ??-???/??3, 
??? ?????????? ???????????? ? ????????? ??????? ? 5 ?? 200 ??/??3. ??? ????? ??????? 
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????????? ????? ???? ??? ??? ???????????? 10 ??/??3 ??????? 90,0 % ? ???? ??????? ?? 99,6%. 
???? ????????? ?????? ?????????? ??? ??? ???????? ???????? ???????????? ???? ?? 1 – 15 ??/??3 
(????.1). ??? ?????????? ?????????? ????????? ? ???? ???????? ??? ?? ????? 3-? ???. 
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???. 1. ?????????? ??????? ???????? ???? ??? ???? (?, %) (1), ???????? ??????? ????????? ??-2-
8 ? Na+ ????? ?? ?????? ?????? (Vi = 10 ??3) (2), (V? = 500 ??3), ??????? ????????? ????? ???? 5%-? 
????????? ???????? (VHCl = 50 ??3) (3) ??? ?????????? ?? ???????????? ? ???? ??? ??? ??????? ? 
????????? ??????. 
 
??????? 1. ???????????? ??????? ????? ???? ?? ????????? ??-2-8 ? Na+ ????? ? ????????????? ???? (?) 
?? ????????????? (??) ???? (? = 5,1 ??-???/??3, ?? 7,85) (Vi = 10 ??3, V? = 500 ??3), ?? ????????? 5%-? 
????????? ???????? (VHCl = 50 ??3) ? ?????????? ??? ?????????? ???????????? ????? ???? 
? 
?? 
??u2+, ??/??3 ??????? 
????????? 
????, ?, % 
?? ?? Cu2+, 
??/??3 
??????? 
?????????, Z,% ??????? ????? 
???????
????? 
?????????
? ?? ? ?? ? ?? ? ?? I II
1 1 0,45 0,37 5,70 4,40 55,0 63,0 27,5 31,5 100,0 68,8
2 2 0,50 0,44 10,00 8,70 75,0 78,0 50,0 78,0 100,0 55,8
3 3 0,69 0,72 21,20 16,80 77,0 76,0 115,5 114,0 91,8 73,7
4 5 1,12 0,90 32,75 29,75 77,6 82,0 194,0 205 58,7 72,2
5 7 1,15 1,05 35,25 30,50 83,6 85,0 292,5 290 60,2 52,8
6 10 2,5 1,25 52,00 34,50 75,0 87,5 375,0 430 69,3 40,2
7 15 4,95 1,80 64,00 59,00 67,0 88,0 502,5 660 63,7 44,7
 
?? ????? ? ???????, ??????? ????????? ? Na+ ????? ?? ?????? Cu2+ ? ?????? ??????? 
???????? ? ~1 ??-???/??3 ?? ~20 ??-???/??3 ??? ??? ?????????? ?????????? ???????????? ????? 
Cu2+ ? 1 ?? 15 ??/??3, ? ??????? ?? ????????? ? ???? ?????????? ? ????? 55 – 88%. ????????? 
???????????? ????? ???? ? ????????????? ???? ???????? 0,45 – 4,95 ??/??3, ? ????????????? ???? 
0,37 – 1,8 ??/??3. ???? ????? ????????? ????? ???? ? ????????????? ????, ????????, ?????????? 
????????? ?? ?????????? ? ????????????? ???? ?? ??????? ????? ??????? ???????? ????? ????, ? 
?????????? ? ?????????????, ?? ?? ??????? ????? ??????? ?? ? ????????????? ????. 
???????????? ?????? ????? ?????????? ? ?????? ??????? ?? ???? ?????????, ??? ?? ???????? 
??????? ????????? (~20,0 ??-???) ?????? ???????????? ??????? ????????? ???????? ? 0,5 ??3 
??????? (~2,6 ??-???). ?? ????? ???? ???? ?????????? ????????? ?? ???????? ?? —???????????? 
????????? ????? ???? ? ????????? ?????? 5%-??? ????????? ????????. ??????? ????????? 
?????????? ? ????? 40 – 100% (????.1, ???.1). 
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??? ??? ?????????? ??’??? ???????, ??? ???????????? ????? ???? ? ????????????? ???? 1  ?? 
2 ??/??3 (???. 2), ? 0,5 ??3 ?? 2,0 ??3 ??? ??’??? ?????? 10 ??3 ???? ????????? ?????????? 
???????? ??????? ?????? ?? ???????? ??????? ???????? ???? ??? ????. ?????????? ??????? 
????????? ??? ?Cu2+ = 2 ??/??3 ???? ????? ???????? ? ?????????? ? ???????? ? ????????????? 1 
??/??3. ???? ?? ??????? ????????? ???? ??? ????? ??? ??????? ? ????????????? 1 ??/??3 ? 
?????????? ?? ??????????? ??’??? ??????? ? 99,9 % ?? 62,0 %, ???? ?? ??? ???????????? ???? 2 
??/??3 ??? ???????? ?????????? ? ????? 77 – 67 %. ????????? ????? ???? ????????? ????? 
????????? ??? ??????? ?? ???????? ????????????. 
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???. 2. ?????????? ??????? ???????? ???? ??? ???? (?, %) (1;2), ???????? ??????? ????????? ??-
2-8 ? Na+ -????? (Vi = 10 ??3) ?? ?????? ???? (3;4) ??? ??????? ?? ??????? ?? ????????? 5%-??? 
???????? ????????? ??????? (VHCl = 50 ??3) (5;6) ??? ??’??? ????????? ??????? ???? ? ????????????? 
???? ??? ???????????? ???? 1 (1; 3; 5) ?? 2 (3; 4; 6) ??/??3. 
 
? ??????, ? ????????? ?????? ??????? ? ????????? ????? ???? ?? ????????? ??-2-8 ?? ??????? 
?? ???????????? ? ???????? ???????? ????????? ???????????. ? ????? ?????? ???????????? 
????????? ? ???????? ??????????????? ??? ???????? ???????????? ????? ???? ?????????? ????? 
?????? ???????????? ??????? ?? ????????? ????? ???? ????????? ??? ???????????? ????? 
??????????. 
????? ?????? ?????????? ???????? ??? ?????????? ??????? ? ?????????? ??????. 
??? ???????????? ???????? ???????? ???? ? ????????????? ???? (?Cu2+ = 1; 30 ??/??3) ????? 
???????? ? ?????? ????? (???. 3) (Vi = 10 ??3) ?????????????? ?? ?????? ???’??????? ????, ??? ? ?? 
???????? ??? ????? ????. ??? ????? ???? ?????????? ???????? ?? ?????????? ???????????? ????? 
???? 30 ??/??3 ? ?????? 3 ??3 ????, ?? ???????????? 1 ??/??3 -  ? ?????? 4 ??3 ????. ??? ????? 
?????????? ???? ??????????? ?? 0,08 – 0,28 ??-???/??3. ??????? ???????? ??? ????? ???? ? 6 ??3 
???? ????? 99,6 – 100,0 % ????????? ??? ?????????? ???????????? ????? ???? (???. 4).  
??? ????? ??????? ???’??????? ???? ????? 95,0 – 98,3 %. ?????? ?????????, ?? ?????? 
????? ?????????? ????????? ?????? ??????? ?????? ?? ?????? ??????????, ???????????? ????? 
???? ?? ?????? ?? ???????????? 7, 94 ??/??3 ??? ??????? ? ?????????? ?? ????????????? 
30 ??/??3, ? 0,63 ??/??3 - ??? ??????? ? ?????????? ????????????? 1 ??/??3. ?? ?????????? 
??????????? ? ?????? ????? ??????, ?? ????? ????????????? ?????? ?????, ??? ?? ?????? ????. 
??? ??? ???????????? ????????? ? Na+ ????? ??? ???????????? ????? ???? 2 ??/??3 ??????? 
????? ???? ???????? ???? ????? ???????????? 7 ??3 ???? (???. 5). 
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???. 3. ?????????? ?????????? ???????????? ????? ???? (1; 2), ?????????? (3), ??????????? (4) ??? 
??????????? ??’??? ??????? ???????? ???? (?Cu2+ = 30 ??/??3 (1; 3; 4); ?Cu2+ = 1??/??3 (2)) ? 
????????????? ???? (? = 4,8 ??-???/??3, ?? 7,72) ????? ???????? ??-2-8 (Vi = 10 ??3) ? ?????? ????? 
(???1 = 520,9 ??-???/??3, ???2 = 16,3 ??-???/??3, ????3 = 2196,0 ??-???/??3). 
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???. 4. ?????????? ??????? ????????? ????? ???? (1; 2; 3), ????? ?????????? (4; 5), ?? ??????? 
?????????? (6; 7) ??? ??’??? ?????????? ????????????? ???? (? =5,2 ??-???/??3, ?? 7,86) ? 
????????????? ????? ???? 30 (1; 4; 6), 2 (3; 5; 7) ?? 1 (2) ??/??3 ????? ???????? ??-2-8 (Vi = 20 ??3) ? 
?+ (1; 2; 4; 6) ??  Na+ (2;7) ?????. 
 
??? ?????????? ???????????? ???? ??????? ????????? ????? ???? ?????????? ?? 75,0 ?? ?? 
62,0 % (???. 4). ? ??????, ??????? ????????? ???? ? ???????? ?????? ????? ??? ?? ???????? 
???????????? 30 ??/??3, ? ?????????? ?? ?????????????? 2 ?? 1 ??/??3, ? ?????????? ?? ????????? 
????????????. ?? ?????????? ???, ??, ? ??????, ??????? ?????? ?? ?????? ???? ??????? ?? 
??????????? ?? ?????? ? ????????? ???????. ? ???? ???????? ???????????? ????????? ????? ???? 
?????????? ?? ???? ???????? ?????? ? ?????? ??? Na+-????? ? Ca2+, Mg2+-?????. ??????? ?????? 
?? ?????? ???? ??? ???????? ???????????? 30 ??/??3 ? ????????????? ???? ??????? 520 ??-???/??3, 
??? ???????????? 2 ??/??3 – 28,3 ??-???/??3, ??? 1 ??/??3 – 16,3 ??-???/??3. ??????? ?? ?????? 
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?????????? ? ?????? ??????? ??? ?????? ? ?????? ????? ???????? 2196 ??-???/??3, ??? ?????? ? 
Na+-????? – 2224 ??-???/??3. ????? ??????? ??? ?????? ?? ???????? ????? ?????? ???? ??????? 
?? ???? ??????? ?? ?? ?????? ????, ??? ?? ?????? ??????????.  
 
0
0,5
1
1,5
2
0
1
2
3
4
5
0 1 2 3 4 5 6 7 8 9 10 11
?
 (?
u)
, ?
?/
??
3
?
, ?
, ?
?-
??
?/
??
3
V p-y,  ??3
1
2
3
 
???. 5. ?????????? ?????????? ?????????? (1), ???????? (2) ????????????? ???? (? = 5,2 ??-
???/??3, ? = 4,9 ??-???/??3, ?? = 7,86), ???????????? ????? ???? (3) (?Cu2+ = 2 ??/??3) ??? ??????????? 
??’??? ????? ???????? ??-2-8 (Vi = 20 ??3) ? Na+ ????? (????1 = 2224 ??-???/??3, ??3 = 28,3 ??-
???/??3). 
 
?????? ?????????, ?? ??? ?????????????? ???????????? ????? ?????????? ?? ???????????? 
????? ???? ? ?-???/??3 5,1; 82,6; 152,5 ??? ???????? ?????? ???? ? ????????????? ???? ??? 30 ?? 1 
??/??3, ?????????????? ???????? ?????? ?? ?????? ?????????? ?? ???? ??????? ?????????? 4,29; 
78,6 ?? 134,7. ?? ???????? ??? ???????? ???????? ? ???? ?? ????????????? ? ?????????? ? ?????? 
??????????, ?? ?????????? ??????? ??????? ? ???? ????? ?????? 0,8 – 1,2 ??-???/??3. ????? ? 
????????? ????????? ???????????? ????? ???? ?? ????? ?????????? ?? ?????????????? ? ???????? ? 
?????????? ? ???????? ?????? ???????. ?????????? ?????????? ?????? ???? ? ????????, ? 
?????????? ? ????????, ????? 5 – 20 %. 
??? ??? ?????????? ??????? ?? ????????? ? ?????? ????? ?? ???????, ?? ???? ???? ???????? ? 
?+ ? Ca2+, Mg2+, Cu2+ - ?????, ??????? ? 2,79 ?? 7,87. ??? ???????????? ?????? ? Na+ ????? ?? ? 
?????? ?????? ???????????? ?? 8,54 ? ????????? ?????????? ?? 7,87. 
????? ?????, ? ?????????? ?????? ?? ????????? ? Na+ ????? ????? ???????? ???????? 
???? ? ????????????? ???? ??? ?????????????? ??’??? ???? ?? ??’??? ?????? 700. ????? 
???????? ? ?????? ??????? ? ? ???????????? ????????? ????? ???? ? ??????. 
??? ?? ??? ???????? ???????????? ????? ?????? ??????? ? ??????????? ????? ?????????? 
???????? ??????????????? ????? ????????????, ?? ????? ??????? ? ???????? ????????? ???????, 
?? ??? ????????? ???? ? ?????? ???? ??????????? ??????? HCl ? ????????????? 1,9 ?? 3,6 ?-
???/??3. ?????????? ???????? ?? ???. 6. ??? ???????????? ????? ???????? ??????? ????????? 
?????? ????????? ????? ???? ?? ????? ??????????. ?????? ????????? ????? ???? ??? ??????????? 
??????? 1,9 ? ????????? ??? ??????????? 160 ??3 ??????? ????? 20 ??3 ??????. ?????? ??????? 
??????? 8 ??3/??3. ? ???? 3,6 ? ??????? ??????? ?????? ????????? ???? ????????? ??? ??????? 
??????? ??????? 5 ??3/??3 (??’?? ??????? – 100 ??3). ???????????? ???? ????? ?????????? ???? 
???? ??????? 103,77 ??/??3. ???? ?????????, ?? ? ???????, ? ????? ???????? ????, ?? 
???????????? ???? 1 ??/??3, ?? ????? ???????, ?? ? ?????? ??????? ????????? ?????????? ?? 
???????????? ?????? ?? ? 100 ?????. 
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???. 6. ?????????? ???????? ???????????? ????? ???? (1; 2), ??????? ????????? ????? ???? (3; 4) ?? 
????? ?????????? (5; 6) ??? ??????? ??????? ????????? ??????? ? ??????????? 1,9 (1; 3; 5) ?? 3,6 (2; 4; 
5) ?-???/??3 ??? ??????????? ????????? ??-2-8 ? Ca2+, Mg2+, Cu2+ ????? (Vi = 20 ??3) (???? ?????????? 
???? 20,10 ?? (1; 3; 5) ?? 10,38 ?? (2; 4; 6)). 
 
????? ?????, ????? ??????? ?????? ???? ???? ????????????? ??? ?????????????? ????? 
???? ? ???????? ??????????????? ??? ??? ???????? ????? ???? ? ????????? ?? ??????? ?????, ?? 
??????? ???? ??????????. 
 
???????? 
 1. ??????? ??????? ????????? ????? ???? ? ???? ?? ????????? ??-2-8 ? ?????? ?? ???????? 
?????? ? ????????? ?? ?????????? ??????. ????????? ????? ????? ?????????? ?? ????????? 
??????? ?????? ?? ?????. ????????, ?? ? ????????? ?????? ??????? ?????? ?? ????? ????? 
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EVALUATING THE EFFECTIVENESS OF KU-2-8 AT EXTRACTION COPPER IONS 
FROM WATER IN THE PRECENSE OF HARDNESS IONS 
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The results of studies to determine the effectiveness of KU-2-8 cation extracting copper ions from 
water hardness ions in the presence of low concentrations of copper ions. It is shown that at 
concentration of copper from 1 to 30 mg/dm3 extraction of copper takes place in static conditions 
inefficiently both from distilled and from tap water irrespective of an ionite form. This indicator 
decreases at increase in volume of solution at the fixed ionite volume.  Significant efficiency removal of 
copper ions in this cation achieved in dynamic conditions using resin in acid and salt form in the 
presence of ions in solution stiffness. It was established that the efficiency of desorption of copper ions 
hydrochloric acid solutions in static conditions was low. In dynamic conditions reached almost 
complete desorption of copper ions by solutions of hydrochloric acid. 
Keywords: cation exchanger, heavy metals, ion exchange, ionite regeneration, monitoring, 
sample preparation 
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